Numerous reports of avian hemoparasites exist in the literature; however, accounts of avian piroplasms are relatively few (Bishop and Bennett, 1992) . Schurenkova (1938) was the first to describe an avian piroplasm, Sogdianella moshkovskii, from an eagle in Tadjikistan, although Laird and Lari (1957) (Fig. 1) . On Johnston Atoll, brown boobies nest exclusively on Sand and East (Hikina) Islands, which together support a population of about 500 pairs.
We captured 35 brown booby adult females and 35 adult males in April 1995 and 35 chicks in July 1995 with hand nets. Birds were classified as adult females, adult males, or chicks based on facial features, characteristics of their call, plumage, and body size (Pratt et al., 1987) . Nesting sites of chicks were recorded as was date of hatching when available. The age of chicks was calculated in days using date of hatching and date of sampling. We weighed boobies to the nearest 50 g with a 2.5-kg spring scale. Birds were restrained manually and bled from the cutaneous ulnar vein using 2.5-cm 20-gauge needles and 5-ml sterile syringes. One-half milliliter of blood was stored at 4 C in 500-pl ethylenediaminetetraacetatic acid (EDTA) tubes for 8-10 hr.
Blood smears were made in duplicate from EDTA blood, allowed to air dry, stored in slide boxes, and returned to the laboratory for staining and microscopic examination. Smears were stained with Wright's giemsa (Difquick; Fisher Scientific, Pittsburgh, Pennsylvania) according to manufacturer's instructions. Prior to examination, slides from all birds were randomized and subsequently read blind. Parasitemia in each bird was measured by counting 10,000 red cells under oil immersion (1,000X) for each smear and calculating the percentage of red cells infected.
Using a calibrated ocular micrometer, we measured cell length and width and nuclear length and width of 142 parasitized and 30 unparasitized red cells. We also measured length and width of 1,198 parasites. Parasites were classified into 3 morphologic categories according to a simplified scheme adapted from Laird and Lari (1957) . Ring and schizont forms conformed to those described by Laird and Lari (1957) ; the remainder were assigned to the amoeboid category. Chromatin granules were counted or classified as "clumped" if so observed. The location of the parasite in the host red blood cell was classified as "polar" if it was situated near or at the end of the elliptical nucleus or "lateral" if adjacent to the major axis of the nucleus. We recorded presence or absence of intracytoplasmic red pigment in the parasite. The area of parasitized and unparasitized host cell and nucleus was calculated using the formula for an ellipse, r X 0.5a X 0.5b; where a = major axis (length) and b = minor axis (breadth).
Parasitemia, parasite length, parasite width, number of chromatin granules greater than zero, red blood cell area, and red blood cell nucleus area were summarized using means, standard deviations, medians, and ranges. Prevalences of parasitized birds and parasitemia were calculated separately for adults (pooled males and females) and chicks. Parasitemia of adults versus chicks was compared, as was area of parasitized versus unparasitized red blood cells and red blood cell nucleus. Pairwise comparisons were done using Student's t-test. In cases where assumption of normality or equal variance was violated, we used the Mann-Whitney U-test. Association between prevalence and age was evaluated using the chi-square test. Simple linear regression was used to assess the relationship between age of chicks and parasitemia (Daniel, 1987) . Level of significance for all tests was 0.05. Nest locations of parasitized and unparasitized chicks were plotted on a map of Sand Island to assess geographic distribution of infection. 
RESULTS

Babesia
DESCRIPTION
Babesia poelea n. sp.
Amoeboid: Parasites were pleomorphic with a pale blue homogenous cytoplasm with well defined borders ( Fig. 2A-D (Table II) .
Ring: Parasites were round to oblong. Cytoplasm was pale blue with an ill-defined, lighter staining, centrally placed, refractile vacuole occupying a majority of the organism's volume (Fig. 2E-G) . This form was away from the nucleus and was usually lateral to and did not displace the host cell nucleus. Chromatin granules were present and situated near 1 edge of the parasite, often forming a "signet ring" appearance. Intracytoplasmic red pigment was rare, and hemozoin was absent. Ring forms made up 19% (230/1,198) of the total parasites and comprised 20% (226/1,173) and 16% (4/25) of total forms seen in chicks and adults, respectively (Table II) . Schizonts: These ranged from fan-shaped to cruciform. Apparent early stages were characterized by unipolar budding of 4 chromatin granules that seemed to develop into lanceolate forms (merozoites) joined at the pointed end (Fig. 2H-L) . Each merozoite was pale blue, well defined, and contained a chromatin granule either in the mid-body or near the blunt end. This stage was away from, usually lateral to, and did not displace the host cell nucleus. No hemozoin pigment was observed, and red intracytoplasmic pigment was extremely rare. Schizonts made up 3% (36/1,198) of the total parasites observed and comprised 2% (35/1,173) and 4% (1/25) of total forms seen in chicks and adults, respectively (Table II) Etymology: The specific name is a concatenation of the Hawaiian names for dark (po'ele) and booby ('a).
Remarks
The parasite described in our study is compatible with a piroplasm on the basis of lack of intracytoplasmic hemozoin pigment and apparent reproduction in red blood cells by shizogony with production of merozoites. We have assigned this organism to the genus Babesia on the basis of lack of observed schizogony in host lymphocytes (Levine, 1985) .
The systematics of piroplasms are in a state of flux. Laird and Lari (1957) acknowledged as much with avian piroplasms when describing a Babesia from a crow in Pakistan. Since their discovery, avian Babesia have been assigned various genera, a topic reviewed by Mohammed (1958). Laird and Lari (1957) assigned the name Babesia moshkovskii to many previously described avian piroplasms, including the parasite discovered by Schurenkova (1938). Laird and Lari (1957) based their decision on the fact that the organism was morphologically indistinct from that described by Schurenkova (1938) , that the hosts were geographically contiguous with other hosts of previously described avian piroplasms, and that infected hosts were probably all exposed to the putative acarine vector Argas sp. This precedent was followed by Levine (1971), who grouped 5 species of avian piroplasms into the name B. moshkovskii based on similar rationale.
Peirce (1973) classified avian piroplasms into 3 genera on the basis of geographic discontinuity of infected hosts and an assumed common exposure of infected hosts to the tick Hyalomma sp. Subsequently, Peirce (1975) , like others before him (Laird and Lari, 1957; Levine, 1971) , grouped all avian piroplasms in the genus Babesia and classified species presumably based on host family.
Recent genetic evidence in mammalian piroplasms suggests that morphologic similarity may not suffice to classify these organisms (Persing and Conrad, 1995) . To date, no molecular or life-cycle studies on avian piroplasms have been published, so we are currently left with a combination of morphology, host type, and geographic distribution to describe species of avian piroplasms. These criteria are imperfect (Laird and Lari, 1957; Peirce, 1973) , and more objective standards to classify avian piroplasms are needed.
Because of the absence of described piroplasm species from Sulidae, and according to the classification proposed by Laird and Lari (1957) and Levine (1971) , the parasite described herein would presumably be named B. moshkovskii based on similar morphology to other avian piroplasms. However, we have opted to assign a unique specific name to this taxon. Our rationale for this is 2-fold. First, the parasite was found in a pelagic Sulidae, a host phylogenetically, geographically, and ecologically isolated from terrestrial avian hosts of described piroplasms such as Ardeidae (Toumanoff, 1940) Peirce and Feare (1978) . Solid red dividing forms (Laird and Lari, 1957; Croft and Kingston, 1975) were not seen here. This could be because of variation in parasite morphology between hosts or variation in fixation and staining technique. Unlike Laird and Lari (1957), we did not assign an "anaplasmoid form" because we had no objective criteria to differentiate these from red blood cell nuclear fragments. Hence, the parasitemia reported here may be conservative.
The low parasitemia and absence of clinical signs in infected birds indicate that B. poelea exists in brown boobies as an asymptomatic infection. Indeed, in contrast to our study, others have found markedly higher parasitemias ranging from lows of 2-5% (Yakunin and Krivkova, 1971) up to 8-40% (Mohammed, 1958; Croft and Kingston (1975) . However, in only 1 case (Mohammed, 1958) The findings of this study prompt the question of whether B. poelea is specific to brown boobies. A possibly related piroplasm was noted by Peirce and Feare (1978) in masked boobies from the Indian Ocean, but its specific status remains uncertain. Mohammed (1958) and Corradetti and Scanga (1964) were unable to successfully infect avian hosts other than falcons with Babesia shortti, suggesting that avian piroplasms may be species specific. Seventy sooty tern (Sterna fuscata Linnaeus) blood samples from Sand Island were negative for blood parasites (Work, 1996) . However, sooty terns may not be an ideal alternate host for B. poelea. Sooty terns nest and reside in less vegetated portions of Sand Island and could be less exposed to ticks seeking sheltered resting sites. It would be interesting to determine if other avian species nesting closely with brown boobies on Johnston Atoll, such as wedge tailed shearwaters (Puffinus pacificus (Gmelin)), are also infected or if brown boobies on the nearby northwestern Hawaiian Islands, including French Frigate Shoals, Laysan Island, Necker Island, Lisianski Island, and Kure Atoll (Fefer et al., 1984) , are infected. On the basis of available evidence, we suspect that B. poelea is a species-specific, subclinical infection that exists in brown boobies throughout the central Pacific.
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